PSRC Abstract Supplement performed using chi-squared tests and one-way ANOVA. ROC curves were used to evaluate the ability of intra-operative tissue oxygenation in predicting clinical flap necrosis.
RESULTS:
Tissue oxygenation was negatively correlated with distance from the flap pedicle (r = -0.798) with a statistically significant decrease in mean tissue oxygenation in distal tissues (p < 0.001). Necrotic tissue on post-operative day seven demonstrated a significantly lower intra-operative tissue oxygenation (32.1%) compared to healthy tissue (58.6%, p < 0.001). As a predictor for tissue necrosis, intraoperative tissue oxygenation demonstrated an area under the ROC curve of 0.969. Control rats demonstrated more tissue necrosis than those receiving a single or two doses of topical nitroglycerin (51.3% vs. 28.8% vs 18.8%, respectively; p=0.035) . Near-infrared spectroscopy demonstrated a significant increase in tissue oxygenation between the intra-operative and 24-hours post-operative timepoints in ischemic tissue receiving nitroglycerin (+17.8%, p<0.001).
CONCLUSIONS:
Near-infrared tissue oximetry effectively detects clinically relevant differences in tissue oxygenation and is a strong predictor for flap necrosis in a rat model. The application of topical nitroglycerin ointment results in a measurable increase in tissue oxygenation that correlated to flap survival. Further translational studies are warranted in order to define the role of this techonology in patient care. PURPOSE: Insulin-like growth factor 1 (IGF-1) is a potent mitogen with well-described trophic and anti-apoptotic effects on neurons, myocytes, and Schwann cells (SCs). Local delivery of IGF-1 is limited by its short half-life. The aims of this study are to (1) encapsulate IGF-1 into biodegradable nanoparticles (NPs) that stabilize IGF-1 in its bioactive state and enable sustained release at target tissue sites that persist throughout the regenerative period; and (2) assess the efficacy of locally delivered IGF-1 NPs in augmenting axonal regeneration while also reducing denervation-induced muscle atrophy and SC senescence to thereby improve functional recovery following nerve injury.
METHODS:
(1) NP Fabrication: IGF-1 was first complexed with dextran sulfate to create hydrophobic ionic paired (HIP) complexes, which were then encapsulated in biodegradable NPs. Varying ratios of HIP:polymer were evaluated to maximize loading efficiency and release kinetics. In vitro NP release kinetics were evaluated and mitogenic activity of released IGF-1 was compared to native IGF-1. (2) The effects of locally-delivered IGF-1 NPs on denervated muscle and Schwann cells were assessed in a rat median nerve transection-without-repair model. The effects of IGF-1 NPs on axonal regeneration, muscle atrophy and reinnervation, and recovery of forepaw function were assessed in a model in which chronic denervation is induced prior to nerve repair; functional recovery was assessed weekly with stimulated grip strength testing prior to sacrifice at 15 weeks for histologic analyses.
RESULTS:
(1) Fabrication of uniform NPs with an encapsulation efficiency of 83.2% was achieved. NPs composed of 1:5 PEG 5k -PCL 40k yielded optimal release of IGF-1. Near-zero-order release of IGF-1 can be achieved for at least 70 days and released IGF-1 exhibits comparable bioactivity to native IGF-1. (2) IGF-1 treated animals recovered significantly more forceful grip strength compared to negative controls. IGF-1 NP treatment limits muscle atrophy during periods of denervation compared to negative controls (620 vs. 340μm 2 , respectively; p <0.05).
CONCLUSION:
Encapsulation of bioactive IGF-1 with sustained release for over 70 days was achieved. IGF-1 NP treatment in vivo limits muscle atrophy during denervation and improves functional recovery of forelimb grip strength.
